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Providing a battery system comprising a number M of
batteries connected in series and a number N of charge
equalizers, wherein 1<N=<M

S11

(

Y

Determining for each battery if it requires charge
equalization based on a state of charge (SOC) of the
battery

S12

\

Y

Comparing a number L of batteries that require charge
equalization and the number N of the charge equalizers

S13

Y

Based on the comparison result, shutting down the battery
system, or connecting the L batteries that require charge
equalization to L charge equalizers to cause the batteries
to be charged and/or discharged for achieving charge
equalization

S14

FIG. 5
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! if L<N

Connecting the L batteries that require charge equalization
to L charge equalizers, to cause the batteries to be charged
and/or discharged for achieving charge equalization

S12

Determining for each battery if it requires charge /\/
equalization based on a state of charge (SOC) of the
battery 313

v /\/
Comparing a number L of batteries that require if L>N |Shutting down the
charge equalization and the number N of the charge " |battery system
equalizers
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charge equalization
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1
BATTERY MANAGEMENT SYSTEM AND
METHOD

BACKGROUND

Batteries are the most common electrical energy storage
devices for electric vehicle, medical instruments, uninter-
ruptible power supply, and other industrial applications. In
use, when a potential higher than a basic potential of a
battery is needed, it is common to use a plurality of batteries
which are connected in series. However, even though the
batteries are produced with the same structure via a typical
production method using the same anode, cathode and
electrolyte material, a difference in charging or discharging
(and self-discharging) characteristics exists between each of
the batteries connected in series. Thus there is a potential
difference between the series-connected batteries, which
may cause a problem of unbalanced charging. For example,
as the potentials of the series-connected batteries are differ-
ent from each other, some batteries may reach a prescribed
voltage when some other batteries do not reach the pre-
scribed voltage, and therefore an overcharge or undercharge
problem or even both overcharge and undercharge problems
may be caused during charging the series-connected battery
string.

An overcharged battery may have high risk of explosion
if the chemistry of the battery cannot withstand overcharged
state, whereas an undercharged battery may reduce the life
cycle of the series-connected battery string. Therefore, it is
needed to address the unbalanced charging problem for the
series connected battery string. A common method is to use
charge equalization devices to achieve charge equalization
for the series-connected battery string.

A conventional passive approach 10 for achieving charge
equalization is represented in FIG. 1. In the illustrated
series-connected battery string 12, each battery 14 is con-
nected with a parallel resistor 16, which assists to achieve
charge equalization for each battery 14. It is a simple low
cost way, but it suffers high energy loss and heat dissipation.
Moreover, the charge equalizer capability is limited for
batteries of high current.

A conventional active approach 20 for achieving charge
equalization is represented in FIG. 2. In the illustrated
series-connected battery string 22, each battery 24 is pro-
vided with a power electronics circuit 26 for achieving
charge equalization. The power electronics circuit 26 may be
a combination of switches, diodes, inductors, and/or capaci-
tors. It is a method of high energy efficiency, and it is able
to achieve charge equalization for batteries of high current.
However, as the individual power electronics circuit for
achieving charge equalization is high in cost and large in
size, there are problems in both implementation cost and
size.

BRIEF DESCRIPTION

In accordance with an embodiment disclosed herein, a
battery system is provided. The battery system has a battery
module including a number M of series-connected batteries,
and is further provided with a number N (1<N=M) of charge
equalizers, each of which once connected to a battery, causes
the battery to be charged and/or discharged to achieve
charge equalization. A control device is configured to deter-
mine for each battery if it requires charge equalization based
on a state of charge (SOC) of the battery, compare a number
L of the batteries that require charge equalization and the
number M, and based on the comparison result, cause the
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battery system to be shut down, or the one or more batteries
that require charge equalization to be connected to corre-
sponding charge equalizers. A selective switch module is
used for connecting the one or more batteries that require
charge equalization to corresponding charge equalizers,
respectively.

In accordance with another embodiment disclosed herein,
a method is provided. In the method, a battery system
including a number M of batteries connected in series and a
number N of charge equalizers wherein 1<N=M is provided.
It is determined for each battery if it requires charge equal-
ization based on a state of charge (SOC) of the battery. The
method further comprises comparing a number [ of batteries
that require charge equalization and the number N of the
charge equalizers, and based on the comparison result,
shutting down the battery system, or connecting the L
batteries that require charge equalization to L. charge equal-
izers to cause the batteries to be charged and/or discharged
for achieving charge equalization.

DRAWINGS

These and other features, aspects, and advantages of the
present invention will become better understood when the
following detailed description is read with reference to the
accompanying drawings in which like characters represent
like parts throughout the drawings, wherein:

FIG. 1 is a schematic view showing a prior approach for
achieving charge equalization for a series-connected battery
string.

FIG. 2 is a schematic view showing another prior
approach for achieving charge equalization for a series-
connected battery string.

FIG. 3 is a diagram showing an example of a battery
system according to one embodiment of the present inven-
tion.

FIG. 4 is a diagram showing an example of a battery
system according to another embodiment of the present
invention.

FIG. 5 is a flow diagram showing a battery management
method according to one embodiment of the present inven-
tion.

FIG. 6 is a flow diagram showing a specific embodiment
of the battery management method of FIG. 5.

FIG. 7 is a flow diagram showing another specific
embodiment of the battery management method of FIG. 5.

DETAILED DESCRIPTION

Embodiments of the invention provide a cost effective and
high performance charge equalization solution for series-
connected batteries. According to the embodiments of the
invention, a battery module including a number M (M=z2) of
batteries connected in series is provided. A number N of
charge equalizers are provided to achieve charge equaliza-
tion for the M series-connected batteries in the battery
module. Each of the charge equalizers, once connected to a
battery in the battery module, causes the battery to be
charged and/or discharged to achieve charge equalization.
The number N of the charge equalizers is greater than 1 and
not greater than the number M of batteries (1<N=M). There
is a selective switch module for selectively connecting the
batteries to the charge equalizers. Under the control of a
control device, the selective switch module is able to con-
nect the one or more batteries that require charge equaliza-
tion to corresponding charge equalizer(s), respectively. In
such a way, the battery module can achieve a charge balance
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with the charge equalizers. Particularly, the number N of the
charge equalizers is greater than 1 and smaller than the
number M of batteries (1<N<M), such that battery module
can achieve a charge balance with charge equalizers less
than the series-connected batteries.

Unless defined otherwise, technical and scientific terms
used herein have the same meaning as is commonly under-
stood by one of ordinary skill in the art to which this
invention belongs. The terms “first”, “second”, and the like,
as used herein do not denote any order, quantity, or impor-
tance, but rather are used to distinguish one element from
another. Also, the terms “a” and “an” do not denote a
limitation of quantity, but rather denote the presence of at
least one of the referenced items. Moreover, the terms
“coupled” and “connected” are not intended to distinguish
between a direct or indirect coupling/connection between
two components. Rather, such components may be directly
or indirectly coupled/connected unless otherwise indicated.

Referring to FIG. 3, a battery system 100 includes a
battery module 102 having a number M of batteries (B, B,
B;, ..., B, ,, B,) connected in series. Each of the M
batteries is coupled with a sensor for measuring voltage of
the battery. A number N of charge equalizers (CE,,
CE,, ..., CE,,, CE,) are provided to achieve charge
equalization for the battery module 102, wherein 1<N=M. A
selective switch module 104 is provided to detachably and
selectively connect one or more of the batteries to corre-
sponding charge equalizers. There is a control device 106 for
controlling the switch module 104 and the charge equalizers.
The control device 106 communicates with the sensors for
all the batteries, such that it can acquire the measurement
data from the sensors, calculate a state of charge (SOC) of
each battery, and thus determine for each battery if the
battery requires charge equalization based on the SOC of the
battery. By determining for each battery if it requires charge
equalization, it can be identified which batteries require
charge equalization as well as how many batteries require
charge equalization. In some embodiments, the control
device is configured to determine a battery as requiring
charge equalization if the SOC of the battery is not within a
predefined SOC range. For example, if a SOC predefined
range is from 45% to 65%, a battery with a SOC not within
the range from 45% to 65% is determined as requiring
charge equalization.

As used herein, the “state of charge (SOC)” refers to the
amount of energy left in a battery in compare with the energy
it had when it was full, which can give the user an indication
of how much longer a battery will continue to perform
before it needs recharging. There are several ways to esti-
mate the SOC of a battery. Most commonly used estimation
methods include ampere-hour (Ah) counting methods, open
circuit voltage (OCV) methods and Kalman filtering meth-
ods. In some embodiments, the voltage of the battery,
measured by the sensor coupled to the battery, is used as the
basis for calculating SOC through an OCV method.

In some embodiments, the control device 106 is further
configured to compare a number L of batteries that require
charge equalization and the number N of charge equalizers
to determine whether >N, and respond to the comparison
result accordingly. In some specific embodiments, the con-
trol device 106 is configured to cause the battery system to
be shut down if L>N, or cause the batteries that require
charge equalization to be connected to corresponding charge
equalizers respectively if L=N.

In some embodiments, if LN, the control device 106
may be further configured to rank the L batteries that require
charge equalization in a descending order of how much they
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4

require charge equalization in order to connect them to the
L charge equalizers in the descending order.

In some specific embodiments, the L batteries that require
charge equalization are ranked in a descending order of the
degree to which its SOC varies from the predefined SOC
range. For example, if a predefined SOC range is from 40%
to 70%, the batteries that require charge equalization can be
ranked by the degree to which its SOC varies from the
endpoint of the range, 40% or 70%. For example, as for
batteries with SOC of 25%, 30%, 38%, 73%, 78%, 83%,
respectively, the battery with a SOC of 25% (15% less than
40%) is determined as the battery that requires charge
equalization most, then the battery with a SOC of 83% (13%
more than 70%), the battery with a SOC of 30% (10% less
than 40%), the battery with a SOC of 78% (8% more than
70%), the battery with a SOC of 73% (3% more than 70%),
and lastly the battery with a SOC of 38% (2% less than
40%).

As for each charge equalizer connected with a battery that
requires charge equalization, it can be determined through
the control device 106 to charge or/and discharge the battery
or not, according to the SOC of the battery. Properly
charging or/and discharging a battery in the battery module
can achieve charge equalization for the battery.

The battery may comprise one or more parallel connected
battery cells. In some embodiments, the battery is a single
battery cell. In some embodiments, the battery is a collection
of parallel connected battery cells.

The control device 106 may be any device capable of
achieving the functions as described above. In some
embodiments, the control device 106 may comprise one or
more selected from the group consisting of computers,
processors, microcontrollers, microcomputers, program-
mable logic controllers and programmable circuits. Some
examples of suitable control devices include but are not
limited to microprocessors, application specific integrated
circuits (ASIC), digital signal processors (DSP), field pro-
grammable gate arrays (FPGA) and their combinations.

The charge equalizer may be a circuit capable of equal-
izing the charge on the series connected batteries in a battery
string. In some embodiments, the charge equalizer com-
prises one or more active semiconductor switches and one or
more passive devices. Examples of active semiconductor
switches suitable for use in the charge equalizer include but
are not limited to field effect transistors, bipolar junction
transistors (BJT), relays and diodes. Examples of passive
devices suitable for use in the charge equalizer include but
are not limited to inductors, transformers and capacitors.
The switch module 104 may comprise one or more devices
selected from the group consisting of metal-oxide power
semiconductor transistors, relays, BJTs, metal-oxide-semi-
conductor field-effect transistors (MOSFET), and insulated
gate bipolar transistors (IGBT).

In some embodiments, a battery system includes at least
two said battery modules, each of which is provided with an
appropriate number of sensors, an appropriate number of
charge equalizers and a selective switch module. For
example, as illustrated in FIG. 4, a battery system 200
includes K (K=2) battery modules 102-1, . . ., 102-%. The
battery module 102-1 includes M1 batteries (B,, B,,
B;,....B,,..1, B,,) connected in series and each coupled
with a sensor, and is further provided with N1 charge
equalizers (CE,, CE,, . . . , CE, ,, CE,)) wherein
1<N1=M1, and a selective switch module 204-1. The battery
module 102-% includes Mk batteries (B, B,, B;, ..., B,x15
B,,.) connected in series and each coupled with a sensor, and
is further provided with Nk charge equalizers (CE,,
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CE,,...,CE,., CE,,) wherein 1<Nk=Mk, and a selective
switch module 204-%. As to a certain battery module 102-7
(1<i<k) (not shown) of the K battery modules, it may
include Mi batteries (B, B,, Bs, . . ., B,,..;, B,,;) connected
in series and each coupled with a sensor, and may be further
provided with Ni charge equalizers (CE,, CE,, ..., CE,, |,
CE,,) wherein 1<Ni=Mi, and a selective switch module
204-i. In some embodiments, N1, .. ., Ni, ..., Nk may be
numbers different from each other. In some embodiments, at
least some of N1, . .., Ni, ..., Nk are a same number. In
particular, all of N1, ..., Ni, ..., Nk may be a same number.
The battery system 200 also has a control device 206 as
described above. With the control device 20, each of the
battery modules 102-1, . . . , 102-k can achieve charge
equalization through its corresponding charge equalizers.
Embodiments of the invention also provide a battery
management method for the battery system as described
above. Referring to FIG. 5, a battery system comprising a
number M of batteries connected in series and a number N
of charge equalizers wherein 1<N=M is provided in S11. It
is determined for each battery if it requires charge equal-
ization based on the SOC of the battery in S12. A number L.
of batteries that require charge equalization is compared
with the number N of the charge equalizers in S13. Based on
the comparison result, the battery system is shut down or the
L batteries are connected to LL charge equalizers to cause the
L batteries to be charged and/or discharged to achieve charge
equalization in S14.
In some embodiments, in S12, a battery is determined as
requiring charge equalization if the SOC of the battery is not
within a predefined range.
In some embodiments, as illustrated in FIG. 6, in S14, the
battery system is shut down if L>N, and the L. batteries that
require charge equalization are connected to L correspond-
ing charge equalizers respectively if L<N.
In some embodiments, as illustrated in FIG. 7, in S14, if
L=N, the L batteries that require charge equalization are
ranked in a descending order of how much they require
charge equalization, and thereby they are connected to L
charge equalizers in the descending order.
It is to be understood that not necessarily all such objects
or advantages described above may be achieved in accor-
dance with any particular embodiment. Thus, for example,
those skilled in the art will recognize that the systems and
techniques described herein may be embodied or carried out
in a manner that achieves or optimizes one advantage or
group of advantages as taught herein without necessarily
achieving other objects or advantages as may be taught or
suggested herein.
The invention claimed is:
1. A battery system, comprising:
a number M of battery cells connected in series;
a number N of charge equalizers, each of which, once
connected to a battery cell, causes the battery cell to be
charged and/or discharged for achieving charge equal-
ization, wherein 1<N=M;
a control device configured to:
determine if one or more battery cells require charge
equalization based on a state of charge (SOC) of each
battery cell,

compare a number L of the battery cells that require
charge equalization and the number N of charge
equalizers, and

based on the comparison result, cause the battery
system to be shut down, or cause the one or more
battery cells that require charge equalization to be
connected to corresponding charge equalizers; and
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a selective switch module for connecting the one or more
battery cells that require charge equalization to corre-
sponding charge equalizers, respectively.

2. The battery system of claim 1, wherein a number of the

battery cells are connected in parallel.
3. The battery system of claim 1, wherein each of the
battery cells is coupled with a sensor for measuring voltage
across each battery cell.
4. The battery system of claim 1, wherein the control
device is configured to determine that a battery cell requires
charge equalization if the SOC of the battery cell is not
within a predefined range.
5. The battery system of claim 1, wherein the control
device is configured to cause the battery system to be shut
down if L>N and cause the battery cells that require charge
equalization to be connected to corresponding charge equal-
izers if L=N.
6. The battery system of claim 5, wherein the control
device is configured to rank the L battery cells in a descend-
ing order of how much they require charge equalization and
connect the L battery cells to the charge equalizers in the
descending order, if L=N.
7. The battery system of claim 1, wherein the charge
equalizer comprises one or more active semiconductor
switches, and one or more passive devices.
8. The battery system of claim 1, wherein the switch
module comprises one or more selected from the group
consisting of metal-oxide power semiconductor transistors,
bipolar junction transistors, metal-oxide-semiconductor
field-effect transistors, insulated gate bipolar transistors, and
relays.
9. The battery system of claim 1, wherein the control
device is selected from the group consisting of micropro-
cessors, application specific integrated circuits, digital signal
processors, field programmable gate arrays and their com-
binations.
10. The battery system of claim 1, wherein the switch
module comprises one or more selected from the group
consisting of metal-oxide power semiconductor transistors,
bipolar junction transistors, metal-oxide-semiconductor
field-effect transistors, insulated gate bipolar transistors, and
relays.
11. The battery system of claim 1, wherein the control
device is selected from the group consisting of micropro-
cessors, application specific integrated circuits, digital signal
processors, field programmable gate arrays and their com-
binations.
12. A method comprising:
providing a number M of battery cells connected in series
and a number N of charge equalizers, wherein 1<N=M;
and
configuring a control unit to:
determine if one or more battery cells require charge
equalization based on a state of charge (SOC) of each
battery cell;

compare a number L of battery cells that require charge
equalization and the number N of the charge equal-
izers; and

based on the comparison result, shut down the battery
cells, or connect the L battery cells that require
charge equalization to L charge equalizers to cause
the battery cells to be charged and/or discharged for
achieving charge equalization.

13. The method of claim 12, wherein a battery cell is
determined as requiring charge equalization if the SOC of
the battery cell is not within a predefined range.



US 9,455,580 B2

7

14. The method of claim 12, wherein the control unit is
further configured to shut down the battery cells if L>N, and
connect [ battery cells that require charge equalization to L
charge equalizers, respectively, if L<N.

15. The method of claim 14, wherein if L=N, further
comprising configuring the control unit to rank the L battery
cells that require charge equalization in a descending order
of how much they require charge equalization, and the L
battery cells that require charge equalization are connected
to L charge equalizers respectively in the descending order.

16. A battery system, comprising:

a number M of battery cells connected in series;

a number N of charge equalizers, each of which, once
connected to a battery cell, causes the battery cell to be
charged and/or discharged for achieving charge equal-
ization, wherein 1<N=M;

at least one selective switch module for connecting a
battery cell that requires charge equalization to a charge
equalizer; and

a control device configured to:
determine if one or more battery cells require charge

equalization based on a state of charge (SOC) of each
battery cell,
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compare a number L of the battery cells that require
charge equalization with the number N of charge
equalizers,

cause the battery system to be shut down if L>N, and

cause the one or more battery cells that require charge
equalization to be connected to corresponding
charge equalizers if L<N.

17. The battery system of claim 16, wherein a number of
the battery cells are connected in parallel.

18. The battery system of claim 16, wherein each of the
battery cells is coupled with a sensor for measuring voltage
across each battery cell.

19. The battery system of claim 16, wherein the control
device is configured to determine that a battery cell requires
charge equalization if the SOC of the battery cell is not
within a predefined range.

20. The battery system of claim 16, wherein the charge
equalizer comprises one or more active semiconductor
switches, and one or more passive devices.
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